Background: Post-transplantation diabetes mellitus (PTDM) remains a major clinical challenge following renal transplant. Identification of pretransplant modifiable risk factors may allow timely interventions to prevent PTDM. This study aims to determine whether pretransplant metabolic syndrome and its components are able to predict PTDM in Chinese patients receiving their first renal transplant.
Introduction
Post-transplantation diabetes mellitus (PTDM) is a major clinical challenge following kidney transplantation. 1, 2 It has been estimated that around 15%-30% of non-diabetic recipients develop PTDM in the first year after renal transplantation and that, more appalling, nearly half of the recipients develop PTDM within 5 years post-transplant. [3] [4] [5] PTDM is frequently associated with subsequent graft failure and an increased mortality rate, and has also incurred a huge economic burden on recipients. 3, 4, 6 Therefore, there are compelling reasons to develop clinical strategies for prevention, although the pathogenesis of PTDM remains largely unknown.
Because the majority of PTDM develops in the first year after transplantation, pretransplant risk factors are considered to play crucial roles in the development of PTDM. 5, 7, 8 The established pretransplant risk factors include older age, 3, 7, 9, 10 minority race, 3, 11 higher body mass index (BMI), 3, [7] [8] [9] family history of diabetes mellitus (DM), 7, 9, 12 hepatitis C virus (HCV) infection, 3, 10, 13 elevated pretransplant fasting plasma glucose (FPG), triglycerides (TG) and cholesterols, 3, 5, 7, 9, 10 elevated plasma insulin, 8 and recipients of deceased donor kidneys. 10, 12 In addition to the pretransplant risk factors, it is widely recognized that the immunosuppressive regimen after kidney transplantation is closely associated with the development of PTDM. 7, 8, 10, 14 Importantly, identification of the risk factors may allow timely intervention for the prevention of PTDM. For example, it is suggested that lifestyle modification (eg, restrained calorie intake and moderate to intense physical activity) before transplantation, aiming to reduce BMI, may lower the incidence of PTDM. 1 Although most of these risk factors are unlikely to be functionally validated, the strategy of identifying modifiable pretransplant risk factors is critical and fundamental for the prevention of PTDM after renal transplantation.
The identified pretransplant risk factors listed in the previous paragraph are primarily components of metabolic syndrome. Bayer et al documented that pretransplant metabolic syndrome is an independent predictor for PTDM and, most importantly, is a potential target for intervention to prevent PTDM. 5 To our knowledge, however, the impact of metabolic syndrome and its components on PTDM is rarely studied in areas such as China, where the incidence of DM is increasing rapidly. Therefore, this study aims to reveal the impact of metabolic syndrome and its components on the development of PTDM in a cohort of Chinese non-diabetic patients receiving their first kidney transplant.
Patients and methods

Patient population
We retrospectively and systemically reviewed the clinical records of 1,308 patients undergoing renal transplantation at the Department of Organ Transplantation, The Third Affiliated Hospital of Guangzhou Medical University, between 2002 and 2016. Clinical information was retrieved and assembled from the local electronic database. The extraction and reporting of the data were approved by the local ethics committee. All patients routinely provided written informed consent immediately before the operation, allowing deposition, extraction, and reporting of their clinical information and data. Exclusion criteria included recipients with: 1) a history of DM or with DM before transplantation; 2) allograft functioning #1 year; 3) a history of renal transplantation; 4) other solid organ transplants; 5) #1-year follow-up post-transplantation; and 6) incomplete data on components of metabolic syndrome (indicated below). Finally, data from 633 non-diabetic recipients receiving a first renal transplant were assembled and analyzed.
immunosuppression
All the included recipients were mainly on a tacrolimusbased regimen as their initial immunosuppressant treatment. In general, doses of tacrolimus were titrated to plasma levels of 8-15 ng/mL during the first 6 months and titrated to 5-7 ng/mL by the first year. At the time of transplant, recipients also received mycophenolate mofetil (MMF) as well as a 5-day tapering course of glucocorticoids (methylprednisolone intravenous injection 500 mg, 250 mg, and 125 mg on days 1, 2 and 3, respectively; oral 60 mg prednisone on day 4, and 30 mg on day 5). For those requiring ongoing steroid therapy, a maintenance dose of 5 mg prednisone daily was applied by 3 months post-transplant.
Definition of PTDM
PTDM was diagnosed according to the following criteria: 1) HbA 1c $6.5%; 2) FPG $126 mg/dL (7.0 mmol/L); 3) 2-hour plasma glucose $200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test; or 4) the patient had classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose $200 mg/dL (11.1 mmol/L). 15 The diagnosis of PTDM was performed between 1 month and 1 year post-transplant. We chose this time window (1 month to 1 year post-transplant) because 1) this period rules out recipients who develop transient hyperglycemia immediately after transplantation as a result of high-dose glucocorticoids and/or surgery stress; 2) the immunosuppressive regimen is relatively stable in this time window; and 3) a majority of PTDM occurs within the first year posttransplant. 3, 4 It is worth noting that time to the presence of PTDM post-transplant was also calculated and recorded for survival analyses.
Pretransplant metabolic syndrome and its components
Adapting the WHO 1999 and the International Diabetes Federation 2006 recommendations, 16 as well as considering a Chinese standard, 17 pretransplant metabolic syndrome was defined as the presence of any three or more of the following submit your manuscript | www.dovepress.com
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Cai et al five components before transplantation: 1) FPG .100 mg/ dL (5.6 mmol/L); 2) high-density lipoprotein cholesterol (HDL-C) ,35 mg/dL (0.9 mmol/L) in men, ,40 mg/dL (1.0 mmol/L) in women or drug treatment for low HDL-C; 3) TG .150 mg/dL (1.7 mmol/L) or drug treatment for elevated TG; 4) BMI .28 kg/m 2 ; and 5) SBP .130 mmHg or DBP .85 mmHg or drug treatment for hypertension. Data consisting of the five components were collected for analyses. Note that all the data represented the latest data that were obtained 2-3 days before transplantation. Pretransplant data reflecting the five components, including blood glucose, HDL-C level, TG level, BMI, SBP, DBP, and medications for low HDL-C or elevated TG or hypertension, were collected for analyses. These sets of data represented the latest pretransplant data that were routinely obtained 2-3 days before transplantation.
statistical analyses
Data are expressed as mean ± SD, unless otherwise indicated. Statistical analyses were conducted with IBM SPSS Statistics v.19 (IBM Corporation, Armonk, NY, USA). Data sets of continuous variables were assessed for normal distribution and homogeneity of variance by the Kolmogorov-Smirnov and Levene's tests before analyses. The Student's t-test and chi-squared test were used to compare continuous and categorical variables, respectively, between patients with and without PTDM. To dissect potential pretransplant risk factors of PTDM, we first performed univariate analysis to assess the association of individual variables with the development of PTDM. Variables with a P-value ,0.1 were selected for subsequent analyses using multivariable logistic regression and the Cox proportional hazards model to assess whether the relationship persisted. To determine whether metabolic syndrome and its components were relevant to the development of PTDM, we assigned the metabolic syndrome and its individual components with a binary value (0 for not present, 1 for present) and conducted further analyses using multivariable logistic regression and the Cox proportional hazards model. A P-value ,0.05 was considered statistically significant.
Results
study cohort characteristics
The included recipients were mainly on a tacrolimus-based regimen (tacrolimus + MMF + glucocorticoids) in the first year after transplantation. Of the included 633 non-diabetic kidney recipients, 26.2% (166/633) developed PTDM in the first year post-transplant and the mean time to PTDM was 5.7±2.4 months. Among the PTDM patients, a majority (74.1%) was diagnosed within 6 months after transplantation. The acute rejection post-transplant was similar between PTDM and non-PTDM patients (11.4% vs 10.7%, P=0.839). No differences were detected between PTDM and non-PTDM patients regarding gender composition, smoking, hematodialysis rate, hepatitis B virus (HBV) infection, HCV infection, antihypertensive medication, and statin use before transplantation; while the PTDM patients were older than non-PTDM patients (P=0.012) and had a significantly increased family history of DM (P=0.035). The remaining components, plasma TG level and blood pressure, were similar between the two study groups. To exclude the potential disturbance of use of prednisone or tacrolimus (post-transplant factors) on the predictive power of the current study, we also took these factors into consideration. After careful comparison, we did not observe any differences regarding the dose or duration of prednisone or tacrolimus between PTDM and non-PTDM patients (data not included). The demographic characteristics and pretransplant laboratory parameters between PTDM and non-PTDM patients are shown in Table 1 .
logistic regression analyses of pretransplant risk factors of PTDM
To address the potential pretransplant risk factors of PTDM, we first conducted univariate logistic regression analyses (with unadjusted OR) for all the collected variables. The analyses showed that the following variables were associated with higher risk of PTDM (P.0. 
Discussion
To our knowledge, this is the first attempt to address the impact of metabolic syndrome and its components on the 
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Cai et al development of PTDM in Chinese patients receiving a first kidney transplant. The major findings of the current study are: 1) pretransplant metabolic syndrome is an independent risk factor of the development of PTDM in Chinese patients, which is consistent with previous studies; 5,18 and 2) FPG .5.6 mmol/L and BMI .28 kg/m 2 , two major metabolic syndrome components, are also independently associated with the development of PTDM. Because the components of the metabolic syndrome are manageable and/or can be treated with drugs, identification of these risk factors may allow timely intervention to prevent the development of PTDM.
In the general population, metabolic syndrome is frequently associated with the development of type 2 DM. Chakkera et al suggest that both PTDM and type 2 M share highly overlapping pretransplant risk factors, of which the metabolic syndrome is a prominent one. 1 The prevalence of metabolic syndrome in the present cohort was lower than that in previous studies, 5, 18 which may be due to ethnic differences. Nevertheless, we consistently found that pretransplant metabolic syndrome was an independent predictor for PTDM (Tables 2 and 3) .
Metabolic syndrome is a cluster of five components, including obesity (BMI .30 kg/m 2 ). In the Chinese population, BMI .28 kg/m 2 is used as a clinical cutoff for obesity regardless of gender. 17 It is a frequent finding that higher BMI, especially obesity, promotes the development of PTDM and increases the risk of graft loss. 3, [7] [8] [9] 19 In the current study with a Chinese cohort, by both multivariable logistic regression analysis and a Cox proportional hazards model, we consistently observed that pretransplant obesity was robustly associated with PTDM (Tables 2 and 3 ). Together with the finding that kidney recipients tend to gain weight posttransplant, 20 it therefore should be of clinical benefit to reduce BMI (eg, by modification of lifestyle) before transplantation, especially for obese recipients. It has been shown that higher muscle mass, rather than fat mass, predicts longer survival in dialysis patients. 21, 22 Therefore, interventions aimed at decreasing fat mass while increasing muscle mass pretransplant may decrease the incidence of PTDM. 1 FPG .5.6 mmol/L, defined as impaired fasting glycemia (IFG), is a major component of metabolic syndrome. In the general population, IFG robustly predicts type 2 DM. [23] [24] [25] In kidney recipients, however, it is still debated whether IFG is able to independently predict PTDM. Results from Chakkera et al and Cosio et al support a significant association between IFG and the development of PTDM, 7,9 whereas Bayer et al provided negative results. 5 When evaluated as a continuous variable, FPG is frequently associated with the development of PTDM. 5, 10 In the current study, we observed that IFG is a significant risk factor for PTDM, as assessed by the multivariable logistic regression analysis. Additional analysis incorporating plasma glucose as a continuous variable also gave similar results (data not shown). Therefore, we argue that pretransplant IFG is significantly associated with PTDM and that recipients with IFG may require glucoselowering therapy before kidney transplantation.
In the current study, using multivariable logistic regression analysis and a Cox proportional hazards model, we showed that older age and family history of DM were two independent predictors for PTDM (data not shown), which is consistent with previous findings. 3, 7, 9, 10, 12 Gender and HBV infection were not significant risk factors for PTDM in our 
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Cai et al analyses, which is supported by previous studies. 3, 5, 8, 26 HCV infection, a previously identified independent predictor, 3, 10, 13 was not associated with PTDM in our observations. It has been documented that HCV promotes insulin resistance 27 and that the diabetogenic effect is prompted by viral hindering of hepatic glucose and insulin metabolism. [28] [29] [30] Although the HCV infection rates were similar between PTDM and non-PTDM patients in our study, it is still possible that the HCV disease was more active in the PTDM patients, which may partially contribute to the impaired glucose profile of this cohort. Therefore, to address more fully the relationship between HCV infection (as well as other infectious diseases, eg, HBV) and PTDM, the disease activity/severity should be taken into consideration.
There are three apparent limitations to this study. First, our data were retrospectively collected from a single center with a cohort of 633 recipients, which may be regarded as a relatively small, local sample size. Second, it is widely recognized that tacrolimus is more diabetogenic than other immunosuppressants, eg, cyclosporine. [31] [32] [33] Although the immunosuppressive regimen was most often defined as tacrolimus based in our cohort, the dose and/or duration of tacrolimus were likely to vary between PTDM and non-PTDM patients, which could interfere with our analyses. Third, it is highly possible that some kidney recipients develop PTDM after 1 year post-transplant, which may introduce bias in our analysis. Therefore, future studies with larger sample size, longer follow-up, and stricter definitions of the immunosuppressive regimen are needed to confirm the current findings.
Conclusion
In summary, we have documented that pretransplant metabolic syndrome and its components, obesity (BMI .28 kg/m 2 ) and IFG (FPG .5.6 mmol/L), are independent risk factors for the development of PTDM in Chinese non-diabetic patients receiving a first renal transplant. Interventions aimed at reversing obesity and/or IFG before transplantation may reduce the incidence of PTDM for kidney recipients in the Chinese population.
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